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1. Introduction

In the last meeting, we had extensive discussions on the timing relationship issues and the following agreements were made [1]. 
Agreement:
For NB-IoT over NTN, at least the following timing relationships need to be studied individually for checking whether enhancement is necessary and beneficial: 

· NPDCCH to NPUSCH format 1 

· RAR grant to NPUSCH format 1 

· NPDSCH to HARQ-ACK on NPUSCH format 2 

· NPDCCH order to NPRACH 

· Timing advance command activation

· FFS: Other NB-IoT timing relationships

Agreement:
For eMTC over NTN, at least the following timing relationships can be studied individually for checking whether enhancement is necessary and beneficial:

· MPDCCH to PUSCH 

· RAR grant to PUSCH 

· PDCCH order to PRACH 

· MPDCCH to scheduled uplink SPS 

· PUSCH to HARQ-ACK on PUCCH 

· CSI reference resource timing 

· MPDCCH to aperiodic SRS 

· Timing advance command activation

· FFS: Other eMTC timing relationships
Agreement:
Identify IoT-NTN configurations needing activation/de-activation via MAC CE and their timing relationships. 

Agreement:
Study the impact of large RTD (which impacts TA) on HD-FDD UL-DL timing relationships and check whether enhancement is necessary and beneficial.

Agreement:
Study the impact on any timing relationships for IoT-NTN due to the need to perform GNSS measurements for time and frequency synchronization

In this contribution, we continue to share our views, helping to reach possible consensus on the enhancements for IOT-NTN. 

2. Discussion

2.1. Timing offset for scheduling NPUSCH by DCI or RAR UL grant
In the last meeting, RAN1 discussed whether a scheduling offset should be introduced for NPUSCH format 1 to resolve the dilemma issue due to long RTT. Some companies analyzed that at least for LEO scenario, where the RTT is less than 64 ms (as shown in the table below). Given that the current scheduling delay for NB-IoT can amount to 64 ms, it would be sufficient to cover the RTT. While for GEO scenario, the scheduling offset is needed. From our understanding, in NB-IoT, the scheduling delay is decided to support up to 64 ms is to allow high scheduling flexibility as the NPUSCH may contain long repetitions, the scheduling range must be wide enough to schedule uplink resources. For this reasons, the scheduling delay range should not be used for covering NTN RTT, because it trades off with the scheduling flexibility. 
	Scenarios
	GEO based non-terrestrial access network (Scenario A and B)
	LEO based non-terrestrial access network (Scenario C & D)

	Max Round Trip Delay (propagation delay only)
	Scenario A: 541.46 ms (service and feeder links)

Scenario B: 270.73 ms (service link only)
	Scenario C: (transparent payload: service and feeder links)

25.77 ms (600km)

41.77 ms (1200km)

Scenario D: (regenerative payload: service link only)

12.89 ms (600km)

20.89 ms (1200km)


Table 1: RTD in NTN satellite scenarios under consideration

Observation 1: Using existing NPUSCH format 1 scheduling delay to resolve dilemma issue will trade off with the scheduling flexibility needed for legacy NB-IoT system. 
Proposal 1: introducing additional offset for NPUSCH scheduling by DCI or RAR UL grant is beneficial independent of the satellite deployment scenarios. 

2.2. Timing offset for scheduling NPUSCH format 2

For NPDSCH to HARQ-ACK on NPUSCH format 2, similar concept is to be drawn. The downlink timing and uplink timing is shifted by a UE-specific timing advance. The value of TA is much more significant w.r.t. terrestrial network. An offset that covering TA should be introduced, so that UE will have enough time for decoding NPDSCH and preparing NPUSCH. Moreover, purely relying on existing ACK/NACK timing offset is not preferred, as it will impacts the scheduling flexibility. 

Proposal 2: introducing additional offset for scheduling NPUSCH format 2 for HARQ-ACK reporting. 

2.3. Timing offset for the start of RAR window
In NB-IoT, there has already been considered RAR window starting offset for extended coverage UE, where the RAR window starts in 41 subframes after the subframe in which the PRACH ends. However, for normal coverage UE, the RAR window offset only considers the duration for UE to swtich from transmission mode to reception mode. In NTN, a general K offset should be introduced to cover the RTT time. If not, the UE may completely miss the RAR within the RAR window. In this case, enhancement for RAR window starting offset is necessary. 
Proposal 3: introducing additional offset for RAR window starting subframe. 
2.4. Timing offset for TAC in MAC-CE
In NB-IoT, according to the specification text, quoted below:

	For a timing advance command reception ending in DL subframe n, the corresponding adjustment of the uplink transmission timing shall apply from the first available NB-IoT uplink slot following the end of n+12 DL subframe and the first available NB-IoT uplink slot is the first slot of a NPUSCH transmission.


The above text does not clearly say if the uplink subframe determination should take into account existing timing advance or not. When the timing advance is not factored in and the TAC is applied in the uplink subframe with a subframe number following n+12, e.g. Fig. 1. Then, the additional offset should be introduced. 
[image: image1.png]



Fig. 1: TAC is applied in UL subframe after n+12, where UL subframe n and DL subframe n are offset by TA
However, on the other hand, if the specification suggests that the TAC shall be applied after the UL subframe that is overlapped with the DL subframe n+12, taking into account timing advance, then the offset is not needed as shown in Fig. 2. 
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Fig. 2: TAC is applied after the UL subframe overlapping with DL subframe n+12.

Proposal 4: additional offset might not be needed, if the current specification implies that TAC is applied after the UL subframe overlapping with DL subframe n+12.
2.5. Timing offset for NPDCCH order
In NB-IoT, the specification on the NPDCCH order timing is as follows
	In case a random access procedure is initiated by a "PDCCH order" ending in subframe n, the UE shall, if requested by higher layers, start transmission of random access preamble at the end of the first subframe n+k2 , k2≥8 , where a NPRACH resource is available.


From our understanding, the current specification does not impose the UE to transmit a PRACH in a specific RO, instead, it sets an earliest timing subframe n+8, before which the UE does not transmit PRACH. But the UE can transmit later than this timing. In this case, the UE can select a suitable RO for PRACH transmission according to the timing between PDCCH order reception and the UE-specific TA. 
Proposal 5: adding additional offset for PDCCH order is not necessary.  
2.6. PRACH configuration with SIB updating 
In the last meeting, the issue of SIB PRACH configuration updating was raised and the need of introducing an offset for SIB activation time was proposed. In our understanding, the UE does not need to be signaled with an offset and it simply follows the legacy procedure. If the UE receives the PRACH configuration in SIB, the UE will transmit the PRACH according to the received configuration and the actual PRACH timing is naturally later than the received SIB. When the PRACH arrives at the network side, it goes through an RTT time. On the network side, the base station may assume a minimum offset, which corresponds to a minimum RTT of the cell. Then, the PRACH received after the offset will apply the latest updated PRACH configuration as shown in Fig. 3. Moreover, the offset is transparent to the UE. 
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Fig. 3: network may set an offset to assume PRACH transmission based on updated configuration. 

Proposal 6: No further enhancement is necessary with respect to PRACH configuration updates.   
3. Conclusion

In this contribution, we have discussed some follow-up issues from the last meeting and the following proposals are presented for RAN1 to consider 

Observation 1: Using existing NPUSCH format 1 scheduling delay to resolve dilemma issue will trade off with the scheduling flexibility needed for legacy NB-IoT system. 

Proposal 1: introducing additional offset for NPUSCH scheduling by DCI or RAR UL grant is beneficial independent of the satellite deployment scenarios. 
Proposal 2: introducing additional offset for scheduling NPUSCH format 2 for HARQ-ACK reporting. 

Proposal 3: introducing additional offset for RAR window starting subframe. 
Proposal 4: additional offset might not be needed, if the current specification implies that TAC is applied after the UL subframe overlapping with DL subframe n+12.
Proposal 5: adding additional offset for PDCCH order is not necessary.  
Proposal 6: No further enhancement is necessary with respect to PRACH configuration updates.   
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